We present ultrasound, computed tomography and magnetic resonance imaging findings in a case with pancreatic solid pseudopapillary tumor and their correlations with histopathology. Ultrasound revealed a hypoechogenic mass, and computed tomography revealed a hypodense mass at the pancreatic head minimally enhanced after intravenous contrast agent administration. Magnetic resonance imaging showed a hypointense mass on unenhanced T1-weighted images including a hyperintense focus representing the hemorrhage. The lesion was hyperintense on T2-weighted images. On the postcontrast images the lesion showed peripheral thin contrast enhancement in arterial phase and enhanced slightly diffusely in venous and equilibrium phases. The patient underwent elective resection of the mass and pancreatoduodenectomy with jejunostomy tube placement. A fi nal diagnosis of solid pseudopapillary tumor was made histopathologically. Solid pseudopapillary tumor is a rare pancreatic tumor. It is important to make the diagnosis preoperatively because with an adequate surgical resection the prognosis is good. A multimodalitary approach, especially magnetic resonance imaging can suggest the diagnosis without the need for biopsy.
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INTRODUCTION
Most pancreatic tumors are malignant and have a bad prognosis. However, solid-pseudopapillary tumor of the pancreas (SPT) is a rare benign or low-grade malignancy. Because of this, it is important to make the diagnosis of this tumor preoperatively so that adequate resection will be undertaken. SPT accounts for less than 1%-2% of the exocrine pancreatic tumors [1] [2] [3] [4] [5] . It affects mostly young females between the 2nd and 3rd decades of life with a male to female ratio of 1:9. The patients with SPT are often clinically asymptomatic or minimally symptomatic [3, 6, 7] . Therefore imaging studies should be carefully assessed [1, 2] . Ultrasonography (US), computed tomography (CT) and magnetic resonance (MR) imaging are the useful modalities in the diagnosis of SPT which is not uncommonly diagnosed incidentally at abdominal imaging [7] . Here we report a case of a 17-year old girl presenting with this rare pancreatic tumor and discuss the differential diagnosis from other pancreatic masses.
CASE REPORT
A 17-year old woman complaining of dyspeptic symptoms and right upper quadrant pain for several months was admitted to our hospital for further evaluation. She had no history of abdominal trauma or surgery, drug usage or smoking. On physical examination tenderness in the right upper quadrant and epigastrium was noted. Laboratory fi ndings showed no abnormalities.
An abdominopelvic US revealed a heterogenous hypoechogenic solid mass lesion at the pancreatic head region (Figure 1) . CT scan showed a round shaped, wellmarginated, hypodense mass at the pancreatic head with a density of 38.19 HU and no evidence of internal hemorrhage ( Figure 2 ). After intravenous iodine contrast agent administration, the lesion showed minimally heterogenous contrast enhancement markedly less than the normal pancreatic tissue. MR examination included axial fast spoiled gradient-echo (FSPGR) fat saturated T1-weighted images and axial and coronal single-shot fast spin-echo T2-weighted images. Unenhanced and contrast-enhanced arterial, portal venous and equilibrium phase images were obtained. MR showed that the mass lesion was predominantly hypointense on unenhanced T1-weighted images including a hyperintense focus representing the hemorrhagic degeneration ( Figure 3) . The lesion was predominantly hyperintense (but less than cerebrospinal fluid) on T2-weighted images mostly composed of solid and minimally cystic areas (Figure 4 ). On the initial arterial-phase contrast-enhanced images the lesion was predominantly hypointense with some peripheral thin contrast enhancement ( Figure 5A ). On the portal venous and equilibrium phase images the lesion seemed to enhance diffusely slightly ( Figure 5B and C) .
The patient underwent elective resection of the mass in the pancreatic head and pancreaticoduodenectomy (Whipple procedure) with jejunostomy tube placement. The resection material was sent to the patholog y department. At gross examination, a well-circumscribed, capsulated, round, gray-purple colored tumor was identified in the pancreatic head. By histologic analysis, pseudopapillary aggregates including stromal central vessels were detected. They were separated with partially defective thin fi brous capsule from the pancreatic tissue leading to some pancreatic invasion locally. The tumor was composed of uniform polygonal cells with prominent nucleolus, uniform nucleus and narrow eosinophilic cytoplasms ( Figure 6A and B). No vascular space or perineural invasion was identified. By immunohistochemical analysis, the tumor cells were positive for vimentin and synaptophysin, and for progesterone receptors ( Figure 6C) ; and negative for cytokeratin, chromogranin and estrogen receptors. In the evaluation of Ki-67, less than 5% of the tumor cells showed nuclear proliferative activity. These are compatible histopathologic findings for SPTs except for synaptophysin positivity which is unusual.
After the surgery the patient underwent MR imaging examination per 6 mo for the fi rst year and then once a year for the following 2 years until the present and no recurrence, metastases or symptoms occured.
DISCUSSION
SPT is a rare pancreatic tumor consisting of 1%-2% of exocrine pancreatic tumors [1, 7] . The precise incidence of SPT is not known because it is rare and is frequently misdiagnosed [1] . This tumor was fi rst described by Frantz in 1959 as a "papillary tumor of the pancreas, benign or malignant" [8] . Since then, various names have been used to describe this rare lesion, such as solid and cystic tumor of the pancreas, papillary-cystic tumor, solid and papillary epithelial neoplasm and Frantz tumor [1, 2, 7] . In 1996, the World Health Organization (WHO) renamed this tumor as SPT for the international histologic classifi cation of tumor of the exocrine pancreas [7, 9] . SPTs are benign lesions but sometimes malignant degeneration may occur especially when the lesion occurs in elderly male patients [2, 7] . SPT of the pancreas has distinctive pathologic features. The mass is most frequently found in the head or tail region. On gross examination, the mass is usually large and well encapsulated and contains varying amounts of necrosis, hemorrhage, and cystic change. By microscopic analysis, there are two distinct types of cellular arrangements: solid and papillary [7] . The pathogenesis of these tumors is still controversial. Whereas some authors postulate an endocrine origin, others claim these tumors arise from ductal cells, acinar cells, or pluripotent stem cells [1] . Vito et al [1] claimed that, SPT was associated with pregnancy in 3, with polycystic ovary disease in 2, with Sertoli-Leydig cell tumor in 1 of their 19 patients, which supports an endocrine origin for SPT of pancreas [1] . Also a hormonal infl uence is also suggested in view of the tumor's high prevalence in women.
SPTs are typically positive for vimentin, neuron-specifi c enolase (NSE), α-1-antitrypsin, and α-1-antichymotrypsin and negative for chromogranin A, epithelial membrane antigen, and cytokeratin. Differentiation along endocrine cell lines has been postulated for this tumor on the basis of NSE positivity, but the expression of vimentin and α-1-antitrypsin does not support this interpretation [7] . A study by Kosmahl et al [10] demonstrated that SPTs have a complex immunoprofile that is inconsistent with that of any of the pancreatic cell types and that a pancreatic origin is unlikely. The authors speculated that on the basis of some similarities between SPT and ovarian surface cells and the proximity between genital ridges and the pancreas anlage during early embryogenesis, SPTs might originate from the genital ridge-related cells that were incorporated into the pancreas during organogenesis. Furthermore, sex hormones may play a role in the pathogenesis or growth of SPTs: Nearly all studies demonstrate no evidence of estrogen receptors; however, progesterone receptors are present in many cases [7, 11] as presented in our case. The origin of SPTs has not yet been clarified. SPTs cannot be regarded as a purely endocrine neoplasm because the presence of neuroendocrine markers is not signifi cant (chromogranin A is not detected, synaptophysin has a patchy immunoreactivity in 22% and NSE is strongly positive in more than 90% but without a certain signifi cance) [12] [13] [14] . However, SPTs are classifi ed and are generally held to be epithelial neoplasms but immunohistochemical patterns suggest that SPTs cannot be regarded as purely epithelial neoplasms [12, 15] . In fact, cytokeratin expression, usually associated with epithelial differentiation, is rare (less than 30%) or absent in most cases, and markers of acinar differentiaton (trypsin/chymotrypsin) and glycoprotein markers of ductal differentiation are often negative [12, 16, 17] . Although all these hypotheses of origin are intriguing, they are yet unproved, and further research is necessary.
Another interesting point is the relationship between the synaptophysin positivity and recurrence rates of SPTs. Lai et al [18] analysed 7 patients histopathologically and found that 6 of the patients with no recurrence were negative 
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Karatag O et al . Solid pseudopapillary tumor of the pancreas for synaptophysin and 1 of the patients who suffered from recurrence was positive. In our case synaptophysin was unusually positive with no recurrence after surgical management in the period of 3 years until now. Patients with SPT are often clinically asymptomatic [2, 3, 6, 7] . They may present with palpable abdominal mass, abdominal pain or discomfort [1] [2] [3] 6, 7] and also acute abdomen can develop due to the rupture of the lesion [2, 3, 19] . The abdomen is usually nontender on palpation but obstructive symptoms may occur if the tumor grows large enough to compress adjacent anatomic structures [7] . However, bile duct or pancreatic duct obstruction is rare, even when it is located in the head of the pancreas because of its softness [1] . Physical examination is often normal apart from the presence of an upper abdominal mass [2] , and usually no laboratory abnormalities appear associated with pancreatic insuffi ciency, abnormal liver funcion, cholestasis, elevated pancreatic enzymes, or an endocrine syndrome. Tumor markers are also expected to be normal [2, 7] . Also an unusual presentation of SPT with acute pancreatitis was reported in the literature [6] . Given the good prognosis of the disease, it is important to make the diagnosis preoperatively so that adequate resection will be undertaken. Therefore imaging studies should be carefully assessed [1, 2] . US, CT and MR are the useful diagnostic modalities in the diagnosis of SPT which is not uncommonly diagnosed incidentally at abdominal imaging [7] . On US examination the lesion is well-encapsulated and includes cystic and solid components, but sometimes the mass is pure and solid-looking or has internal septa or calcifi cations [7] . Usually the appearance of SPT is variable and lacks correlation with gross pathology [1] . Contrast-enhanced CT plays a major role in the diagnostic evaluation of cystic neoplasms of the pancreas. However, when compared with MR imaging, CT has inherent limitations in showing certain tissue characteristics, such as hemorrhage, cystic degeneration, or the presence of a capsule. These features may, as shown at pathology, be suggestive of specifi c lesions such as SPT of the pancreas. Therefore, MR imaging may further aid in showing these characteristics and in the differential diagnosis of complex cystic masses within the pancreas [1] . CT usually demonstrates a well-encapsulated, heterogenous lesion with varying solid and cystic components [7] . After intravenous contrast agent administration, enhanced solid areas are typically noted peripherally, whereas cystic spaces are usually more centrally located [7] . MR imaging, because of its superior contrast resolution, displays a capsule and intratumoral hemorrhage better than CT. Therefore, MR imaging has the potential to improve our ability to diagnose SPT [1] . MR images demonstrate a well-defi ned lesion with heterogenous signal intensity on T1 and T2-weighted images, which reflects the complex nature of the mass [7] . In previous reports all SPTs contain some high signal intensity on T1-weighted images representing the blood products [1, 7] . A hyperintense focus was also noted on T1-weighted axial images of our case. Vito et al [1] also defined that 5 of 19 patients did not show high signal on T1-weighted images in their study. Therefore, the absence of high T1 signal should not exclude the diagnosis.
The T2-weighted appearance was described differently in the literature. Ohtomo et al [20] reported fi ndings for six patients: the masses appeared hyperintense in four patients and mixed-that is, hyper-and hypointense-in two patients. Buetow et al [21] reported areas of high signal intensity on T2-weighted images in nine patients and areas of low signal intensity in three patients. However, they did not report the predominant signal intensity of the masses or whether the lesions appeared homogeneous. Vito et al [1] reported findings for 19 patients: 14 lesions (73.5%) appeared heterogeneous, and all lesions but two (89%) appeared predominantly hyperintense on T2-weighted images. In our case the lesion was also predominantly hyperintense on T2-weighted images.
Angiography usually demonstrates an avascular or hypovascular pancreatic tumor and may help delineate the mass from other involved and adjacent structures [2] . Vito et al [1] reported that most common enhancement pattern of SPT consists of early, peripheral, and heterogeneous enhancement during the arterial phase with progressive but heterogeneous fill-in of the lesion during the portal venous and equilibrium phases. They also reported that all but one lesion in their series enhanced less than the adjacent normal pancreas during all phases. This feature helps distinguishing SPT from other pancreatic neoplasms, such as islet cell tumors, which typically enhance more than the pancreas. Vito et al [1] reported that all but one of their patients had a peripheral hypointense tumor capsule on both T1-and T2-weighted images. Compared with the lesion, the tumor capsule showed early and more intense enhancement (70%), identical enhancement (20%), or less enhancement (10%). Ohtomo et al [20] reported that four patients (67%) presented with a fi brous capsule detected as a band of low signal intensity on T1-and T2-weighted imaging. Conversely, Buetow et al [21] observed in all their patients a discontinuous low-signal-intensity rim on T2-weighted images. In our case a capsule formation was not detected.
Serous microcystic adenoma, mucinous cystic neoplasm, cystic islet cell tumor, pancreaticoblastoma, and calcified hemorrhagic pseudocyst are differential diagnostic considerations when a pancreatic mass consists of cystic and solid components. The former three tumors occur rarely in patients younger than 30 years [1, 22] . On T1-weighted MR images, serous microcystic adenoma may appear as a heterogeneous hypointense mass with hyperintense foci related to prior hemorrhage and could be confused with SPT. However, on T2-weighted images, serous microcystic adenoma shows hyperintense signal intensity with low-signal-intensity central areas due to scar formation and hypointense septa that may radiate toward an enhanced central scar [1, 22, 23] . This radial central scar is not a feature of SPT [1] . Mucinous cystic neoplasms may be confused with SPT, particularly when the SPT is predominantly cystic [1, 22, 23] . Although the mucin-filled cystic spaces are typically hyperintense on T2-weighted images and hypointense on T1-weighted images, mucin occasionally results in high signal intensity on both T1-and T2-weighted images [1, 23] . The signal intensity may vary depending on the proteinaceous content of the mucin. Also, mucinous cystic neoplasms do not exhibit early peripheral and capsular enhancement [1] . Islet cell tumors occur in patients who are older and do not have the female predominance. They may appear cystic, contain calcifications, and show areas of internal hemorrhage [1, 21, 24] . Islet cell tumors are low in signal intensity on fat-suppressed T1-weighted images, exhibit high signal intensity on T2-weighted images, and show marked ring or diffuse heterogeneous enhancement on immediate gadolinium-enhanced gradient-echo images [1, 21] . The differential diagnosis of SPT from islet cell tumor of the pancreas is the different signal intensity on T1-weighted images and excess contrast enhancement of islet cell tumors after gadolinium injection due to their more vascularity compared with SPTs [1] . Pancreatoblastoma is more aggressive than SPT and often presents with liver metastases at the time of diagnosis. Intratumoral hemorrhage has not been reported in these tumors using either CT or MR imaging. Although pancreatic adenocarcinoma is the most common primary pancreatic malignancy, it is seen in older patients. Pancreatic pseudocysts may be calcified peripherally as a result of internal hemorrhage and may mimic SPT. However, a history of pancreatitis is almost always present, and pancreatic pseudocysts can be distinguished from SPT by the absence of solid components [1] .
In conclusion, when a young woman presents with a pancreatic mass lesion, SPT must be considered in the differential diagnosis. Multimodalitary approach, especially MR could sug gest the diagnosis of SPT with some imaging features including well-marginated, encapsulated, solid-cystic mass with areas of hemorrhagic degeneration and progressive peripheral or heterogenous contrast enhancement.
